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THE MAZDA 





The Mazda F lamp is a low-pressure mercury 
discliarge source. It must be operated with suitable 
auxiliary equipment. The lamp is designed so that 
approximately half of the input energy is converted 
to the ultraviolet line of the mercury 
known as the resonance line, 2537 A°.* Most 
of the remainder is dissipated as heat through con- 
duction, convection and radiation. An important 
2% appears as the highly efficient blue-green- 
yellow lines of mercury which add to the light pro- 
duced by the fluorescence and would give the lamp 
a characteristic mercury color if no fluorescent 
powder were used. Relative energy distribution 
is shown in Fig. 2. 
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Fig. 1 — Tte Construction of the Maxda F Lamp, The inner 

surface of the bulb is coated with phosphor. 



The lamp, tubular in shape, contains at each end 
an electrode in the form of a smaU coil of wire. 
These electrodes are coated with a material which 
has the prop>erty of freely emitting electrons when 
heated. Electrons are necessary to carry the arc 
current which passes through the vaporized mer- 



cury 



mercury is a liquid at normal 



peratures, a shght amount of argon gas is used to 
facihtate starting. A base is sealed to each end 
of the lamp. 

Fluorescent powders, called "phosphors, " are 
coated on the inside of the bulb by a liquid washing 
process followed by a heat treatment. It is im- 
portant that a smooth permanent coating be ob- 
tained. This must be even, yet thin, so that the 
appearance and color of the lamp are satisfactory 
and there is no excessive absorption of Ught. 



Phosphors are of many types and, therefore, only 
those most sensitive to the 2537 A° line are used. 
It is necessary to select compounds which remain 
stable during the life of the lamp and which can be 
handled effectively during manufacture. The effi- 
ciency of fluorescent lamps varies widely between 
erent colors because the various phosphors 
used do not reach their peak sensitivity at fiie same 
point and consequently do not convert equal 
amounts oi ultraviolet energy into visible Hght. 
Among the phosphors used at present axe: 




Phosphor 
Zinc Silicate 
Calcium Tungstate 
Cadmium Borate 
Zinc Berylliixm Silicate 
Magnesium Tungstate 



Characteristic Color of Light 




Blue 

Pink 

Yellowish White 

Bluish White 



All of the above materials are white when not ex- 
posed to ultraviolet radiations. Thus, the unHghted 
appearance of most fluorescent lamps is identical- 
Exceptions are the gold and red lamps in which 
it is necessary to coat the bulb with an appropriate 
pigment and then add a second or inner coat of 
fluorescent powder (zinc beryllium silicate and 
cadmium borate, respectively)* The pigmented 
coat absorbs the radiations which are not desired 
in the spectrum of the finished lamp. 





Fig. 2— Relative 
A — UzunodiBed arc 



dialributicn of Maaib F Lamps. 
B — With dayiiglrt pho^^or coat 
edbuib. 
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TABLE I 

ESSENTIAL TECHNICAL DATA 

Standard Westinghouse Mazda F Lamps 
(Characteristics Apply to A-C Operation Only) 



*Watts (Nominal— Lamp Only) 
Bulb 

Circuit Volts 
Nominal Length 
Base 

Lamp Amperes (Approx.) 

Lamp Volts (Approx.) 

Max, Over-all Length (Including Pins) 

Rated Avg. Lab. Life (Hours) 

Burning Position 

* For toUl watts add wattage loss in auxiliary. 

For operation on regular lighting circuits, standard auxiliary equipment is listed in Table 11. With suitably designed equipment, any voltage may be use 



15 


20 


30 


40 


T-8 


T-12 


T-8 


T-12 


** 


** 


** 


** 


18" 


24" 


36" 


48" 


Med. Bi-Pin 


Med. Bi-Pin 


Med. Bi-Pm 


Med. Bi-Pin 


0.30 


0.35 


0.33 


0.42 


56 


62 


103 


108 


1725 /' 
•^ '' "3 ■-' 


9025// 


35 5 r' 


47 -r 


2500 


2500 


2500 


2500 


Any 


Any 


Any 


Any 



^ 



WESTINGHOUSE ELEC. & MFC 

LAMP DIVISION 




15 WATT T-8 



3801 WALNUT STREET 
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APPROXIMATE INITIAL* LIGHT OUTPUT IN LUMENS 



Lamps 


Daylight 


3500" 
White 


Gold 


Red 


Blue 


Pink 


Green 


15-Watt T-8 


495 


615 


375 


45 


315 


300 


900 


20-Watt T- 12 


730 


900 


540 


60 


460 


440 


1300 


30-Watt T-8 


1200 


1450 


940 


120 


780 


750 


2250 


40-Watt T- 12 


1700 


2100 
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* See discussion of lumen maintenance, Page 14. 




SOCKET SPACtNG 




LAMP SIZE 



15 WATT 



20 WATT 



30 WATT 



40 WATT 
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THERMAL SWITCH CONTROLS 
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' rtarHag. 

■fore stazting, the the— 

a c.:,;^a position. When voltage is applied, the 
r/rltch ccnipletes a series circuit through the 
lamp's two electrodes and the resulting flow of 
current heats th e se electrode? The sv^itch, bow- 
ever, i3 made of bi-Eie!alHc elements and sepaxatas 
Tipon heating to break fte circuit. By this tone, 
frcm cne to two Booon ds after voltage is aj^ed, 
file larrup electrodes have made available an abund- 
ance cA free electrons. When the switch opens, a 
high voltage is induced in the reador. This in- 
duced voltage aided by the capacitor, is applied 
across the lamp to start the arc discharge. 
The switch is held open by the continuous flow of 
current through the heater coil. Since the heat is 
confined, especially if the control is enclosed in a 
wiring channel or luminaire, the thermal switch 
may remain open an appreciable time if the circuit 
is interrupted- Thus, instantaneous restarting is 
not always possible. 




GLOW SWITCH EQUIPMENT 

A later development in starting switches is based on 
the negative glow discharge principle used in neon 
indicator lamps. At first, this glow switch merely 
replaced the thermal switch although it was placed 
externally on the control case rather than within 
it. Its development, however, suggested certain 
other changes so that equipment now widely 
adopted is designed to separate the various re- 
quirements of lamp operation. 
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Fig. 4 — Fluorescent glow switch. 

The switch is enclosed in a small glass bulb and 
consists of two electrodes, one of which is made 
from a bi-metallic strip (Fig. 4). These are separated 
under normal conditions and form part of a series 
circuit through the lamp electrodes and the react- 
When voltage is applied, no current flows 
except as a result of the glow discharge between 
two electrodes of the switch. A heating results 
which, by the expansion of the bi-metallic element, 
causes the electrodes to touch. This short cir- 
cuiting of the switch, which takes one or two seconds 
to be completed, allows a substantial flow of current 
to preheat the lamp electrodes. There is enough 
residual heat in the switch to keep it closed for 
a short period of time for the preheating. With 
the opening of the switch, the resultant high voltage 
surge starts normal lamp operation. If the lamp 
arc fails to strike, the cycle is repeated. 
The switch does not again glow (if the lamp arc is 
estabhshed) since it is so designed that the remain- 
ing avaflable electrical potential is insufficient to 
cause a breakdown between its electrodes. Thus, 
it consumes no power and if the lamp is turned out, 
is available for immediate restarting. 



GLOW RELAY CONTROLS 

The first application of the glow switch was in the 

Glow Relay Control which consists of a reactance 
and a capacitor enclosed in a case with an exter- 
nally mounted switch. This is pictured in Fig, 5, 
with the circuit used. 
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Fig, 5 — Fluorescent glow switch controL 

BALLASTS AND STARTERS 

The latest application of the glow switch is designed 
to separate the switch and capacitor from the 
reactance. The latter is described as a Fluorescent 
Lamp Ballast, while the switch and condenser are 
combined in a Fluorescent Lamp Starter. 
The Starter consists of a glow switch and condenser 
which are enclosed in a small aluminum container 
with contacts which may be easily inserted in a 
bayonet-type adapter socket, Fig. 7. This socket 
may be an integral part of the standard lamp holder 
attached to it by a single screw or merely connected 
to it electrically. Usually the Starter is so placed 
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Fig. 6^ — Fluorescent 
single-lamp ballast. 
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that it projects through a hole in the lamp reflector 
and becomes as readily replaceable as the lamp 
itself. The switch provides the lamp electrode pre- 
heating and the starting surge; the condenser sup- 
presses radio interference. Two Starters are avail- 
able for standard Fluorescent Mazda lamps. The 
first, known as the FS-2, is used with the 15 and 20- 
watt lamps. The second, the FS-4, is used with the 
30 and 40-watt lamps. Since the switch is designed 
to operate between critical voltage limits, the proper 
starter must be used for each particular lamp to in- 
sure satisfactory starting. The Ballast is a current 
limiting device consisting of a reactor or high re- 
actance transformer enclosed in a metal case. Since 
the switch has been separated from it, Ballasts are 
considerably smaller than complete control units. 



common 




Fig. 7 — Fluorescent lamp starter and lamp holder with starter 

socket attached. 



TWO -LAMP BALLASTS 

Fig. 9 shows a schematic diagram of a two-lamp 
ballast. Certain practical advantages result from 
the choice of an electrical circuit which combines 
under one cover the equipment for the control 
of two lamps. Chief among the advantages are 
improved power factor, decreased stroboscopic 
effect and reduced auxiliary losses. Simplified and 
therefore cheaper wiring is anothet advantage. 
Each lamp is operated 
through separate re- 
actors. These reactors 

Fig. 8— Starting com- 
pensator for two-lamp 

ballast- 




transformer 



lamps 



118-volt circuits or 30 and 40-watt lamps on 208 or 
236-volt circuits. A capacitor is connected in series 
with one lamp and its reactor to give '^leading" cur- 
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Fig. 9 — Fluorescent two-lamp bdUast. 



STARTING COMPENSATORS 

The starting compensator (Fig. 8) should be used 
with all 30 and 40-watt two-lamp ballasts. One 
compensator is required for each two-lamp ballast 
and it is connected in the starting circuit of the 
lead lamp, Fig. 9. The compensator functions only 
while the lamp is starting and is disconnected from 
the circuit when the glow starter opens. If a com- 
pensator is not used, the lead lamp electrodes will 
be insufficiently heated for starting thus delaying 
starting and reducing lamp life. 



t^ 




6 






H^l^ 









Walts 



15 
20 
30 
30 
30 
40 
40 
40 



.»■ 



15 

20 

30 
30 
30 

40 
40 
40 



15 
20 
30 
30 
30 
40 
40 
40 



TABLE II 

FLUORESCENT LAMP AUXILIARY EQUIPMENT 



LAMP 



Bulb 



18" 
24" 
36" 
36" 
36" 
48" 
48" 
48" 



T8 

T12 

T8 

T8 

T8 

T12 

T12 

T12 



18" 
24" 
36" 
36" 
36" 
48" 
48" 
48" 



T8 

T12 

T8 

T8 

■T8 
T12 

T12 
T12 



18" 
24"- 
36" 
36" 

36" 
48" 
48"- 
48" 



T8 

T12 

T8 

T8 

T8 

T12 

■T12 

■T12 



Line 

Volts 



Style 

Number 



Approx. 

Line 
Current 



SINGLE LAMP BALLAST— HIGH POWER FACTOR 



110-125 
110-125 
110-125 
199-216 
220 250 
110-125 
199-216 
220-250 



1120880 
1120881 
1120882 
1120883 
1120884 
1119716 
1120885 
1120886 



.18 
.23 
.37 
.20 
.18 
.50 
.28 
.25 



SINGLE LAMP BALLAST -LOW POWER FACTOR 



110-125 
110-125 
110^125 
199-216 
220-250 
110-125 
199-216 
220-250 



1119958 
1119959 
1119960 
I 119961 
1119962 
1119963 
1119964 
1119965 



.30 
.38 
.66 
.33 
.33 
.76 
42 
.42 



TWO LAMP BALLAST— HIGH POWER FACTOR 



110-125 
110-125 
110-125 
199 216 
220-250 
110^125 
199-216 
220-250 



1 120835 
1120836 
1119944 
1119968 
1119969 
1119945 
1119966 
1119967 



.34 
,43 
.66 
.36 
.31 
.86 
.47 
.42 



STARTING COMPENSATOR 



Approx, 

Wattage 
Loss 



43^ 

4H 

10 

8 

9 
13 
12 
13 



4J/2 

10 

9 

9 

13 

12 
12 



9 
9 

14-5 

12 

12.5 
17.5 
13.5 
14.5 



Approx 

Power 
Factor 



.90- 
.90- 
-90- 
-90- 
.90- 
.90- 
.90- 
.90^ 



.92 
.92 
.92 
.92 
-92 
.92 
.92 
.92 



.55 
.55 
.55 
.60 
-60 
.60 
.60 
.60 



.95 
.95 
.95 
.95 
.95 
.95 
.95 
-95 



1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1 00 



For 30 and 40-Watt 
Two-Lamp Ballast 



1119970 



SINGLE LAMP CONTROL UNITS— LOW POWER FACTOR 



*With 3^1119409 Glow Relay in end of case. 
Information on 50-cycle auxiliaries may be obtained upon request. 



15 
20 


18'^- 

24''- 


-T8 
-T12 
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1119148* 
1119149* 


.33 

.35 


5 
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.55 

.55 








SINGLE LAMP CONTROLS FOR DIRECT CURRENT 
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15 
20 


18"- 
24"- 


-T8 
-T12 


120 1119200 
120 1119200 



LAMP AND CONTROL FAILURES 

Under normal operating conditions, the life of 
switches should be long. For the glow switch, tests 
have indicated that many years of service may be 

Reactances and transformers are even 



expected. 

more permanent 



within practical limits, an almost 



indefinite life may be expected. Lamps, of course, 
bum out periodically^in most cases, because of 
the gradual loss of emissive material from the elec- 
trode which accompanies each start of the lamp 
and, to a lesser extent, each hour of burning. 
Occasionally a lamp may fail in such a way that it 
becomes a '^rectifier" and current flows in one 
direction only. Thus, the reactance will not function 
properly as a current limiting device. The result 
may be a burned out auxiliary, and in the case of 
thermal controls, the heater coil in the switch usual- 
ly fails first. Glow switch failures caused by recti- 
fied lamps are almost impossible. 



LAMP HOLDERS 

Lamp holders are made in several varieties; the 
most common are shown in Fig. 10. The first has a 
*T' shaped slot into which the pins slip and lock. 
The lamp is released by a sideward pressure , The 
second is a ^'twist-turn'' type, where the lamp is 
locked or released by a 90° turn. The third is a 
shallow twist-turn lamp holder, designed for the 
mounting of one-inch-diameter lamps where space 
is at a premium. 





B 




C 



Fig, 10 — Bryant Fluorescenllamp holders. A— Straight push 
type. B — Twist'turn type. C — Shallow twist-turn type. 
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Operating C^haracteristics 



OF LAMPS AND AUXILIARIES 



Inherently, the fluorescent lamp is different from 
the incandescent and hence, it is necessary to 
understand certain characteristics to best judge 
those fields in which it may be applicable. Ob- 
viously, the incandescent lamp has become a basic 
standard of artificial lighting during the 60 years 
it has been available and any other light source 
can best be explained by comparison with it. 
The operating characteristics are described in the 
order listed below: 



L 
2. 
3. 

4. 
5. 
6. 
7, 



Voltage 
Frequency 
Power Factor 
DC Operation 
Stroboscopic Effect 
Brightness 
Coolness 



8. Color 

9. Lamp Life 

10. Lumen Maintenance 

11. Temperature 

12. Radio Interference 

13. Noise 

14. Vibration 



L VOLTAGE 

As with incandescent lamps, variations in supply 
voltage produce variations in light output- Within 
reasonable ranges with standard two lamp ballasts, 
it may be assumed that a one per cent voltage 
drop decreases the light output about 1 per cent 
while a one per cent rise increases it by about 
1 per cent. This is shown on the characteristic 
curves. Fig. 11. Auxiliaries are designed for three 
standard voltages — 118, 208 and 236. In general, 
best lamp performance is obtained when line volt- 
age is kept within the rating limits of the auxiliaries. 
At either under or overvollage conditions, the 
lamp electrodes do not operate at their greatest 
effectiveness. At lower voltage, electrodes do not 
reach high temperatures and they are over- 
worked, while overvoltage causes excessive heating 
that quickens the loss of the emissive material. The 
result in either case is shortened life accompanied 
or preceded by excessive blackening. Also, high 
vohage may over-heat the auxiliary while under- 
voltage may cause uncertain starting. 
Occasionally, even though available line voltage 
is satisfactory, low voltages occur due to momentary 
overloading of the line, or other emergencies. For 
most fluorescent lamps, a drop of more than 25 
Der cent will extinauish tliA l^jmn- if^ n^rinrl of 



restarting upon return of voltage will depend on 
the type of switch in the control circuit. Fluorescent 
lamps are, therefore, not satisfactory for ''dimmer" 

service, 

' FREQUENCY 

The current limiting characteristics of the reactor 
or high reactance transformer depend direcfly 
upon the power supply frequency for which units 
are designed. With lower frequencies, the react- 
ance is reduced, and higher current will flow 
through lamp. Shorter lamp life and overheated 
auxiliaries will result. With higher frequencies, 
less current will flow with similar adverse effects 
on the lamp life and its lumen output. 

AuxiHaries must, therefore, be designed specifically 
for particular frequencies. Equipment designed 
for 60 cycles should not be used on 50 cycles, nor 
is the reverse satisfactory. Operation at frequencies 
less than 50 cycles, seriously increases the problem 
of stroboscopic effect and, therefore, standard 
equipment is not available. 

3. POWER FACTOR 

On alternating current circuits, the statement that 
volts multiplied by amperes equals watts, holds 
true only when the voltage and current are *ln 
phase." Phase differences reduce the "power fac- 
tor" which equals watts divided by volts times 

If watts equal volts times amperes, 
power factor is 1.0 or 100%, However, 100% 
power factor only occurs when the energy 
consuming device is a pure resistance type (for 
example, an incandescent lamp) or if a number of 
different devices neutralize each other. For ex- 
ample, Fig. 12 gives the electrical values in a circuit 
with an incandescent lamp load. Note that current 
is .85 amperes and power factor is 100%. 

However, the reactor or high reactance transformer 
used with fluorescent lamps produces a definite 
^out of phase" relation between voltage and cur- 
rent which results in a power factor of about 55%. 
Fig. 13 shows a 100-watt fluorescent lamp load. 
Note that current has increased to 1.54 amperes 
and a power factor of 55%. At a power factor of 
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Fig. 11— Elfect of voltage on Fluorescent Lamp characteristics. 



55%, current is increased 81% over that for a 
similar load with 100% power factor. 
To the Contractor, the Pubhc Utility and the op- 
erator of large installations, power factor is partic- 
ularly important. The Contractor finds it necessary 
to plan the wiring and equipment in excess of what 
is normally expected by the customer for a specified 
load, thus creating a barrier to sales. The Public 
Utility, while it charges for watts registered by a 
meter, in reality supplies current through a fixed 




voltage distribution system. Therefore, from gen^ 
erating plant to service entrances, its equipment 
must be based on uneconomical values when power 
factors are low. To the owner or operator of a large 
installation, who pays for the wiring from service 
switch to outlet, this extra cost and the size of equips 
ment are duplicated. 

Smce low power factor in fluorescent lamps is 
primarily a result of the reactance, it may be raised 



Fig. 12 — Incandescent lamp loai Power factor is 100*^, 




Fig. 13— Fluorescent lc._p load. Power factor is SSSc-t 
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TABLE III 

CAPACITORS FOR POWER FACTOR IMPROVEMENT 

OF FLUORESCENT MAZDA LAMPS 




"m/' 



f~~ 



o 




4.75 AND 6.5 
MICROFARADS 



O^WK 



Q 



m/^ 




1 1 I 




17.5 AND 28.0 MICROFARADS 



» 




Style Number 



Size in Inches 



Line Volts 



Rahng (Mfd.) 



1 1 19484 

1 1 19482 

1 1 19483 
1 1208 12 
1120813 



1^4 X 2I4 X 

lU X 2', X 
\H I 2I4 I 
1^ X 2I4 X 

I3i X 2I4 X 



14 S 

51 ■> 



1 18-236 

118 236 
118 
118 
118 



4.75 
17.5 

28.0 

6,5 

11.0 



a 



by the addition of a capacitor or condenser'' to^ the 
circuit. Fig. 14 illustrates the result of adding a 
capacitor to the fluorescent lamp circuit shown in 
Fig. 13. Note that the current is reduced to .94 
amperes and the power factor corrected to 90*^. 
The exact rating of the capacitor depends on the 
degree of correction desired and the size and 
number of lamps to be balanced. Table III hsts 
the standard available equipment tor small groups 
of lamps. Table TV shows the correct capacitors 
to use to improve power factor of one or more lamps. 
While a capacitor may be placed anywhere in a 
circuit to improve power factor, its effectiveness 
In reducing current is only from the point of ap- 
plication to the source of power. Therefore, it 



should be placed near the lamp. With capacitors 
available which are designed to fit in wireways or 
in the lighting unit itself, no partictilar difficulty 




CAPACITOR 



AMMETER 



UHL 



WATT- 
METER 





^/Ctn METER 



fOO WATTS 
ftUORESCENT LAMPS WITH CAPACITOR 



INDUCTANCE AND RCSISTANCE LOAD 

WiTH CAPACITOR 



Fig. 14^ — Fluorescent lamp load wth power 

factor corrected to 90%. 



TABLE IV 

APPLICATION OF CAPACITORS FOR IMPROVEMENT OF POWER FACTOR 

For operation on 60 cycles only 




Lamp Wattf 


Eia* Voltage 


Control or 

Ballast style 

Niu&b«r 


No. ol Lamps 
Correct^Ki to 

90%P.f. 


Capacitor 
StyU No. 


15 


118 


892455 
1119148 
111995Q, 


1 

i 


1120612 
1119482 
1119483 


20 


iia 


893456 

1119149 
11199S9 


1 

3 
6 


1119484 

1119482 
1119463 


30 


118 


892827, 

1119960. 


1 

3 


1120813 

1119483 


30 


208 


892457 

1119961 


1 

5 


11194^4 
1119482 


30 


236 


892458 

1119962 


I 

5 

2 
I 


1119484 
1119462 


40 


116 


892928 

1119963; 


1119463 
1120813 


40 


aoe 


1119964 


1 

4 


1119484 
1119482 


40 


236 


892930 
1119965 


1 

5 


1119484 
1119482 
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should be encountered in doing this. Occasionally, 
other considerations suggest the use of one large 
capacitor for a complete installation but, in this 
case, all branch circuits and branch circuit equip- 
ment must be designed for the larger current ac- 
companying the lower power factor* 
The single lamp ballasts with power factor correc- 
tion and the two-lamp auxiliary described on Page 
6 are particularly effective since power factor 
correction is an integral part of each unit. Wiring 
connections to be made by fixture manufacturers 
or Electrical Contractors are at a minimum, while, 
at the same time, the over-all efficiency of the light 
source is increased through the reduction of elec- 
trical losses* 

It should be remembered that power factor is only 
a characteristic of alternating current circuits and 
does not apply to fluorescent lamps on direct 
current. 

4. D-C OPERATION 

The fluorescent lamp is basically an A-C lamp and 
while adaptable to D-C cannot be expected to 
give equal performance. AU published ratings 
are based on A-C operation. 

By adding suitable resistances to thermal switch 
control circuits and to certain other types of cir- 
cuits, 15 and 20-watt lamps may be operated with 




Fig. 15 — Method of connecting resistors in D-C circuit 

reasonable satisfaction, although their life, over-all 
efficiency and lumen maintenance are adversely 
aHected. With 30 and 40-watt lamps, specific 
trouble with starting and non-uniform output may 
be experienced, and their use on D-C is not recom- 
mended. This trouble is due to the bombardment 
of electrons in one direction only, which among 
other things, pushes the heavy mercury molecules 
to one end of the tube. Sufficient argon may remain 
around the anode to start the lamp and maintain 

so of the biilb will 



operation, but the first foot 
remain a dull red indicating the absence of short 
wave ultraviolet. Occasionally the available volt- 
age, the bulb temperature, and the angle at which 
the lamp is burned may combine to eliminate this 
condition but no assurances can be given. 



The glow switch is not suitable for D-C operation 
even with a resistance. Usually no harm occurs 
if this is tried, but the lamp generally will not start. 
Occasionally the lamp may operate but this is un- 
usual and depends on minor variations of the switch 
which occur within manufacturing tolerances. 
The resistances required for fluorescent lamps are 
given in Table V. Method of connecting in circuit is 
shown in Fig. 15. 

TABLE V 

D-C DATA FOR FLUORESCENT LAMP CON- 

TROLS 



Lamp 


D-C Lamp 

Current 
(Amperes) 


24'^-Tl2 


.30 
.31 



External Resistor 
Required (Ohma*) 



IIOt. 



165 
112 



120v. 

198 
144 



DC Loaa Per Lamp 
Auxiliary Plua Reajator (Watta) 



llOv. 



18 
14 



120 V. 



21 
17 



♦Based on 32 Ohm a internal resistance oi S* 11 19200 DC ContjoL Heaisloii 
must be used wluch will handle the lamp cuxient without exceeding th* 
auxiliary temperature. 

5. STROBOSCOPIC EFFECT 

It is characteristic of all A-C light sources that 
there is some variation in light output dependent 
on the cyclic variations of the current. With in- 
candescent lamps, this is negligible since the fila- 
ment retains enough heat to compensate for the 
variation of the current throughout each cycle. 
With fluorescent lamps, the carry-over of light is 
dependent wholly on the phosphorescent qualities 
of the coating. This characteristic of the phosphors 
varies considerably. The phosphor used in the 
green lamp has the brightest carry-over, while the 
phosphor for the blue has the least. 
The relative stroboscopic effect of certain lamps 
and combinations of lamps is given in Table VI 
and indicated on the accompanying oscillograms 
(Fig. 16). The standard Westinghouse two-lamp bal- 
lasts reduce the stroboscopic effect to a point 
where in ordinary apphcations it is neghgible. 
Where still further reduction is necessary three- 
phase operation of three adjacent lamps may 
be used. The minimizing of stroboscopic effect 
is an important consideration where moving 
objects are viewed or where the eye itself is 
moving rapidly, 

Stroboscopic effect is not to be confused with 
''whirl" or extreme flicker which occasionally 
occurs in a lamp which has not been seasoned 
properly in manufacture, where some emission 
material is temporarily in the arc stream, where 
there is some defect of installation, or where the 
lamp is near the end of life. 

6. BRIGHTNESS 

The larger surface area due to extended length and 
the high diffusion of the Mazda F lamp result in 
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low brightness even 
though the total light 
output is high. When 
lamps are exposed, 
the use of the larger 
diameter lamp is al- 
ways suggested un- 
less the lamp is 
placed in an ex- 
tremely iavorable 
position. Since angle 
of vie win a. back- 



other 



Fig. 16— Oscillograplis of light 
output of Fluorescent lamps 
operating on 60-cycle A-C, 
"Daylight" lamps will have 
slightly greater variations. 



Viewing, 
ground, and 
factors must be con- 
sideied, no definite 
recommendation on 
brightness can be 

The figures 

how- 



given. 

in Table VII, 



TABLE VI 

COMPARATIVE STROBOSCOPIC 

OF VARIOUS LAMPS 



EFFECT 



Lamp and Method of Operation 



1. 
2. 
3. 

4. 
5. 
6. 
7. 
8. 
9. 

10. 



11. 



200-Watt Mazda Incandescent 

40- Watt Incandescent Lamp 

Green Mazda F — Single Lamp 

White Mazda F — Single Lamp 

Daylight Mazda F — Single Lamp 

Blue Mazda F — Single Lamp 

White— 2 Lamp Ballast 

Daylight — 2 Lamp Ballast 

Daylight or White^S lamps, each on a 
different phase of a 3-phase circuii 

White — 3 Lamps, One on individual 
ballast^ remaining pair on two lamp 
ballast 

Daylight- 
ballast, 
ballast 



Relative 

Stroboscopic 

Effect* 



-3 Lamps^ One on individual 
remaining pair on two lamp 



1 

7 
11 

19 

21 

23 

9 

10 



14 






15 



♦Based on ratio of light output during cycle above mean average to total out- 
_ put at mean average. 

ever, may be compared with a standard enclosing 
globe which in the normal field of view is consid- 
ered acceptable if its brightness is about 3 candles 
per square inch. 

7. COOLNESS 

The heat from any Ught source is in direct ratio to 
its energy consumption. In terms of heal, one watt- 
hour is equivalent to 3.4 BTU. From this, it is ap- 
parent that considerably higher levels of hghting 
are possible with the more efficient Mazda F lamp 
with an equal degree of comfort. Naturally, the 
heat losses of auxiliary equipment must be included 



with the lamp wattage if within the same room or 
enclosure. 

TABLE VII 

BRIGHTNESS OF FLUORESCENT LAMPS 

CANDL.ES PER SQUARE INCH 



Lamp 


White 


Day- 


Blue 


Green 


Gold 


Pink 


Red 


Size 


4.5 


light 












18 "xl" 


3.9 


2.5 


7.0 


3.6 


2.3 


.4 


18x"li4" 


3.0 


2.6 


1.7 


4.7 


2.4 


l.S 


.3 


24'xlH'' 


3.6 


3.1 


1.9 


5.3 


2.2 


1.8 


.3 


se'si" 


5.5 


4.7 


3.0 


8.7 


3.5 


2.9 


.5 


48"xlM" 


3.9 


3.3 


4 « ■ 


m * * 


■ • ■ 


ft 4 d 


m m 



Total heat, hov^ever, is not always the important 
consideration. Quite frequently the form of the 
heat is of more importance. With a fluorescent 
lamp, only half of the heat is radiated, the rest being 
lost by conduction and convection, usually up- 
ward* The ratio of heat received by a person or 
object in close proximity to a fixture may be only 
one-fourth or less with a fluorescent lamp than with 
an incandescent lamp, producing the same foot- 
candles. 

8. COLOR 

The word ''color" is a very general term and it is 
important to appreciate its scope when considering 
fluorescent lamps* For example, the radiated 
energy of the green lamp is confined to a narrow 
band and it may truly be called a source of green 
Hght. On the other hand, the blue lamp covers a 
much broader range. While blue in appearance, 
it might be more critically termed a "pastel blue", 
implying that there are enough other radiations 
to add a synthetic white to the blue. This is ob- 
viously true for the pink lamp; pink is actually 
''pastel red'\ This distinction of color is seldom 
important except where special effects are desired; 
as when colored lamps are being considered for 
general lighting of interiors. 

The standard Daylight lamp is an approximate 
duplication of average noon daylight in Washing- 
ton, D. C. It is not exact as is revealed in figure 17 
but is close enough for ordinary commercial use as 
a substitute or mixed vnth natural daylight. While 
it cannot be used in exact ''color matching" or for 
checking color standards, it is satisfactory for or- 
dinary color selection or comparison work such as 
the matching of one piece of colored material with 
another. 

Due to the widespread use of fluorescent lamps to- 
day, itis generally desirable that colored merchan- 
dise or pigments be examined under fluorescent 
Ught in order to be sure they will look properly 
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VWVELENGTH IN ANGSTROMS 










Fig. 17— Spectral dis- 
tribution of radiation 
from daylight Mazda 

F lamp. 
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Fig. 18 — Spectral dis- 
tribution of radiation 
from white Mazda F 

lamp. 
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I. CI. SYSTEM (193 1) 

X=405 Y=.39l 





















4000 








5000 



6000 



7000 



WAVELENGTH IN ANGSTROMS 



\ 




4000 



5000 



6000 



7000 



WAVELENGTH IN ANGSTROMS 



■" ■>-— » - ■■ '-■i.i-.i-PA^^yw^'f^.- f3^-jT-*A---op^n ^rf.^'- nffj^cit" 



Fig. 19 

spectral 
of 



Relative 
distribution 
colored 



of 



various 
Mazda F lamps 
equal wattage 
cury lines omitted. 



mer- 










.-'--.» 






ri> 



> . r; ■■:■ 






t * - * 






. ,■* 



when viewed under fluorescent lighting. As is al- 
ways best in color comparison work, the materials 
or pigments should be examined under at least two 
light sources of widely differing color leHiperatrar© 
such as, for example, a daylight fluorescent lamp 
and a tungsten filament lamp to be sure they will 
match under the various sources of illumination 
generally encountered. 

The color of the light of the 3500° white lamp is 
ewhat whiter than a 300 watt incandescent 



aiic 



lamp. Under most conditions^ however, the light of 
the two will be close enough in color for them to be 
used interchangeably. Where a warmer tose of 
Light is needed, the soft white should be used, 

9. LAMP LIFE 

The rated life of Mazda F lamps fe the average Life 
of large groups of lamps in burning hours when 
tested under specified conditions- Ordinarily with 
proper auxiHaries^ line voltage, frequency and not 
excessively frequent starting, this average life will 
be obtained in service, but the lives of individual 
lamps will of course vary appreciably one from 
another . 

The following factors should be 




in 




performance 



1. Use auxiliaries that are certified by Electrical 
Testing Laboratories or are otherwise known to 
meet the specifica'ii-s of the Mazda lamp manu- 




2. 



line voltage at fte fixture 
specified on the auxtKary* 

separate or built-in 



3. Be sure thai 

are used where lamps are operated 




lamp 




4. Avoid turning lamps frequently on and off as 
this tends to reduce life. 

5. Good starter switches which give the electrodes 
adequate preheat give the best life performance. 

6. Replace defective lamps or switches promptly, 
since either one will damage the other after a short 
period of time. 

7. Best performance' will be obtained at 
mafely 80° Fahrenlieit ambient temperature. 

1 . LUMEN MAINTENANCE 

The light output of a fluorescent lamp decreases 
=wliat during its life. Tlie depreciation in effi- 
ciency at 70^ of rated life of the average Mazda 
F lamp is about 15%. It should be noted, how- 
ever, that duiTHCT the fiist 100 hours of life, the 




— ■ - # — 

drop in light output is mere rapid than during 
subseqiwtit burning hours. It is for this reason 



tiiat the pubHslted **initial" lamp-lumen and lumen- 
per-watf values apply at the 100-hour point. This 
conservative basis ok lamp rating explains the 
somewhat higher levels of light output o^n ex- 
perienced with a new installation. 

As the lamp ages, the snow white appearance of the 
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relatively insigniScant from an output s 
mt is emphasaed by the non-uniformity < 
'ning which tends to collect at the ends c 
opposite or neer the ^ectrodes. This 



normal condition and because of it, decorative type 
fixtures in which the ends of the lamp are exposed 
to view are not recommended since the normal 
lamp blackening may be objectionable and lamps 
may need to be replaced before they have given 
full hfe. &rious blackening early in life may be 
caused by improper operating conditions (voltage, 
bulb temperature, ballast 

etc.). To avoid continued trouble^ sach 
?ns should be investigated and, if necessary. 








1 1 . TEMPERATURE 

Mazda F lamps are recommended only for normal 
use indoors. Their application outdoors or where 
low temperatures are involved must be made at the 
user's ride. When operated on approved auxiliaries^ 
however, the siamiaid types of lamps will aive. in 




satisfactory performance at temperatures 
down as low as 50^ F, U the Line voltage is on the 
upper half of the rated range cf the auxiliary^ if the 
lamp is enclosed or protected from drafts and if a 
thermal st^r^ng switch is used, the performance will 
ordinarily be acceptable down to 32'" F. 

At temperatures lower than 32° F, trouble may be 
encountered in starting, occasional lamps may bum 
steadily and light output and lamp life mar be re^ 





^ ^ j^ 



duced dependent on the degree to which the above 

Seconclary sources of 
heat will improve performance and may be found 
worthwhile wher& e x tr em e cold is encountered. 
Secondary sources of heat may take one of several 
different forms — perhaps the most ccmmon is the 



.i5e of ordinary tungsten filament Mazda lamj 
The size of these varies d^ending upon the degr 
of cold and other conditions 



as air velocity anc 
lamp exposure involved. With an enclosed fixture, 
hoi"reTer, the use of a filament lamp or heater ele 



i---.::^^% 



thermostati 



gested for outdocar winter use in temperate dimates. 
Where fluorwcent lamps are moxmted behind a glass 

from the inside heating system of 
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the building may be used to maintain a satisfactory 
ambient air temperature surrounding the lamps. 

The effect of temperature on the performance of 
these new lamps is an important one. Their maxi- 
mum efficiency is reached with the normal condi- 
tions ordinarily encountered indoors. Normal lumen 
output values of the Mazda F lamp are obtained 
when measured at 80"^ F ambient temperature with 
a bulb wall temperature of about 100°-120'' F. 

The light output will decrease about 1% for each 
one degree drop in bulb temperature below lOO"* F. 
Above 120"" F ambient, the light output drops some- 
what but not nearly as quickly as with low tempera- 
tures. Up to 200^ F, an approximation for field use 
would be a one percent light decrease for a three 
degree bulb temperature increase. 

The change in light output is due largely to the 
change in character of the arc discharge which 
alters the relative amount of ultraviolet generated 
and thereby affects the subsequent production of 
hght by fluorescence. Temperature also affects the 
voltage across the lamp and the amperes that flow 
through the arc which in turn affects the action of 
the starting switch and the performance of the lamp. 
Because of the changes in arc characteristics at low 
temperatures, fluorescent lamps may not operate 
satisfactorily on circuits controlled by glow relays. 
With low bulb wall temperatures, the high voltage 
existing across the lamp may cause the switch to 
alternately open and close which causes the lamp 
to flash on and off. For this reason, a thermal type 
of switch should be used for most dependable opera- 
tion at low temperatures. 



12. RADIO INTERFERENCE 

The fluorescent lamp, since it is an arc discharge 
device, may cause radio interference. This inter- 
ference does not tend to be cumulative. That 
is, ten lamps will ordinarily cause only slightly more 
than one lamp. By outside antennas an increased 
ratio of signal power to interference can be ob- 
tained and will lessen the effect of the disturbance. 
Under certain conditions, a condenser from each 
side of the line to ground at the receiver may be 
needed although most of the better grade radio sets 
are protected in this way. 

Radio interference comes from three principle 
sources — first, direct radiation from the lamp itself. 
This, in general, will not cause trouble if the set is 
8 feet or more from the nearest lamp; second, feed- 
l>ack which comes from the fluorescent lamp to the 
wiring of the building and^then through the lead 
supplying electric power to the radio set; and third. 



energy of radio frequency radiated by the wiring 
and received by the antenna of the radio. 

A suitable filter located close to each lamp or pair 
of lamps providing a condenser from each side of 
the line to ground and connected between the lamp 
auxiliary and the electric outlet, is the most satisfac- 
tory solution to this general problem. 



13. NOISE 

With any reactor or high reactance transformer, there 
are certain to be some audible frequencies generated 
by the alternating magnetic force pulling on the iron 
laminations. Good quality fluorescent auxiliaries 
are now designed to minimize this inherent "hum". 
Frequently a hum is changed to noise by amplifica- 
tion due to the mounting of the auxiliary on some 
resonating surface. Good installation practice calls 
for (1) stiffening of long troughs; (2) sound deaden- 
ing such surfaces where stiffening is difficult; and 
(3) fastening auxiliaries by screws with sound in- 
sulating sleeves, washers, and pads to prevent the 
transmission of hum. 

It is probable that hum will never be completely 
eliminated from some types of auxiliaries because 
of commercial and economic limitations. However, 
certain well-made auxiliaries, particularly of the 
two-lamp type, are now available in which hum 
is only audible when the unit is close to the ear. 
Hum is usually not objectionable in factory spaces 
or other areas where noise always prevails to a 
certain degree. However, in quiet rooms, or when 
the light source operates close to the user, the hum 
may become annoying and it may be necessary to 
locate auxiliaries at a remote point or in sound- 
proof cases. Hum or noise is additive, so that a 
single unit which may not be objectionable might 
be combined with sufficient other units to require 
special attention. 



14. VIBRATION 

While no doubt extreme vibration will have a 
damaging effect on the life of Mazda F lamps, they 
appear to be able to withstand more than the or- 
dinary conditions encountered in lighting service. 
The arc itself is unaffected, and since the electrodes 
burn at relatively low temperatures, it may be as- 
sumed that they can be applied satisfactorily in 
locations where vibration is present. Naturally, 
the lamps must be installed in the sockets in such a 
way that they do not shake out or create external 
arcs due to poor contacts. Also of course best per- 
formance will be obtained where vibration is absent. 
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PPLICATION 



OF 



FLUORESCENT LIGHTING 





Large industrial installation of Fluorescent lighting. Each luminaire 
daylight lamps and an individual aluminum reflector for each lamp. 

height is 14^'. 



contains three 40-wati Mazda F 
Spacing Is 12H'x 13'; mounting 



Although the fluorescent lamp is new, it is already 
being used successfully over a wide range of light- 
ing applications. In some of these, the special 
characteristics of this new source make its use 
almost mandatory for best results. In others, its use 
is not the only good solution to the lighting problem 
and there, in general, economics or customer 
preference will decide. Of course there are also 
certain situations where the fluorescent lamp ob- 
viously will not apply at all, such as in spoflight 
projectors. 

A review of the special characteristics which make 
its use advantageous is given below. 



1. Efficiency — for an equal consumption of 
energy, the fluorescent lamp is more efficient than 
other light sources with which it normally would 
be compared. Since all sources vary in efficiency 
with size, wattage and other factors, no general 
ratio of efficiency is possible. Table I on page 3 



gives lumen values which may be compared with 
any specific source. The wattage consumed by 
auxiliary equipment must be included when com- 
paring lamp efficiencies. 

2. Daylight Quality— the daylight Mazda F 
lamp provides the nearest practical approach to 
natural light thus far attained. 

3. Coolness— where air conditioning is involved, 
where radiant heat must be minimized, or where 
high temperatures of lamp and fixtures are objec- 
tionable, the fluorescent lamp is particularly useful 
Daylight fluorescent lighting actuaUy appears to 
be cooler because it is strong in the so-caUed cool 
colors— blue and green. Unlike filament sources, 
there is no predominance of orange, red, and 
infrared. 

4. Brightness— since the fluorescent lamp is 
inherenfly of low brightness, it may in many cases 
be used vdthout diffusing or shieldina eauinm^nt 
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Where quality of lighting is essential for efficient, 
easy seeing, this low brightness extended source 
is a real advantage. Even when very low bright- 
nesses are desired, as for example with low ceilings, 
the Mazda F lamp simplifies the installation problem, 

5. Shape — fluorescent lamps are tubular in shape 
and, therefore, are particularly useful in providing 
long hnes of hght. This is of importance where 
compactness is desirable, such as in showcases; 
where continuous uniform illumination is wanted, 
as in coves; or where the architecture demands 
modern treatment. Lineal sources are very effective 
in reducing shadows by increasing the diffusion 
of Hght. 

6. Color — although color has always been ob- 
tainable from hght sources, at no time has it been 
as practical as with fluorescent lamps. Exception- 
ally high efficiencies are produced by the green, 
gold, blue and pink lamps. The red is least effi- 
cient, but will produce considerably more lumens 
per watt than can be obtained from filament sources 
and glass filters. A wide field for decorative uses 
is, therefore, opened for colored Hghting. 

7. Novelty — no source can remain important 
merely because it is new, but certainly in those 
hghting applications where style or novelty is a 
prime consideration, the Mazda F lamp is out- 
standing. Unlike most novelties, its use can also 
be justified on many real advantages. 

LIGHTING ECONOMICS 

In analyzing the advantages of fluorescent lighting, 
only one has a value that normally can be expressed 
in dollars and cents. This is the first— Efficiency. 
Obviously, a lamp that is more efficient than an- 
other uses less electrical energy. But the price 



of this energy is by no means the sole consideration 

costs. In general, fluorescent lamps 




m 

cost more than comparable incandescent lamps, 
fixture costs may be higher, certain other costs 
may vary to the advantage of either. Except for a 
particular set of conditions, it is impossible to state 
that one light source is cheaper to use than an- 
other one. Some of the factors which must be con- 
sidered are Hsted below: 

Fixed Charges 

(1) Wiring Investment — the allowance per an* 
ntmi will depend on many conditions, but a 
figure of 15% of initial cost is conservative. 
For taxes, interest and insurance, an addi- 
tional figure of 10% (of original cost) should 
be included, 

(2) Lumlnaire Investment — allowances similar 
to those for wiring charges should be used, 
unless other detailed information suggests 
certain adj usfcments. AuxiUary equipment 
costs must be included even if not part of 
the luminaire. 

Operating Charges 

(3) Lamp Costs — the net cost of lamps should be 
used, with a prorata allowance for hours of 
operation as compared with average rated 
Hie. 

(4) Current Costs — the exact current cost may 
be calculated on a basis of operating hours, 
including wattage consumption of the aux- 
ihary equipment. 

When comparing one hghting installation with 
another, all costs should be based on equal illumi- 
nation levels and comparable quality of light. 



Typical application of Fluorescent lighting for merchandise display. Showcases and wall cases 

are illuminated by continuous strips of daylight Mazda F lamps. 
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Fluorescent ligliting provides adequate vertical and horizontal 
illumination for efficient and safe operation of machine tools. 



Mere cost, iiowever, is no measure of light- 
ing effectiveness. A few dollars saved monthly 
on lighting costs might be quickly outweighed by 
spoiled production, lost sales, or personal dis- 
comfort. Thus, the advantages other than efficiency 
must be measured but, except for a few cases, such 
measurements can only be in terms of general 
results. While it is often inconvenient that such 
advantages cannot be converted to a simple mone- 
tary value, their importance cannot be ignored or 
neglected merely for simplicity. 

FLUORESCENT LUMINAIRES 

To use fluorescent lamps to the best advantage, 
luminaires should be selected on the basis of their 
particular characteristics. The following hst will 
indicate the many factors which must be considered 




to assure the greatest satisfaction from any particular 
installation. Naturally, their relative importance 
will vary for each application. 

1. Distribution^Photometric Characteristics 

2. Efficiency 

3. Brightness in Field of Vision 

4. Lighted Appearance 

5. Unlighted Appearance 

6. Resultant Appearance of Lighted Room 

7. Ruggedness and Durability 

8. Ease of Installation 

9. Accessibility and Flexibility 

10. Maintenance— Ease of Cleaning 

11. Cost 

INDUSTRIAL LIGHTING 

Industrial lighting may be divided in three broad 

— general, localized general, and sup- 
plementary. Current installations have indicated 
that fluorescent lighting can be appHed to any or 
all of these classifications. Although operating 
cost is always an important factor, daylight quality, 
low brightness, and reduced heating effect often 
prove to be the basic consideration. 

General Lighting means a uniform distribution 

of illumination which produces equivalent seeing 
conditions over the entire area. Many styles of 
luminaires are available and only general types 
can be discussed here. 

Luminaires can be designed for any combination 
of fluorescent lamps depending upon the particular 
requirements of an installation. With the advent 
of the two-lamp control with its power factor correc- 
tion, minimized stroboscopic effect and quiet op- 
eration, luminaires using two lamps or multiples 
of two will probably prove most satisfactory. Pro- 
cessed aluminum and finishes such as porcelain 
enameled steel have been found to be very suit- 
able for reflecting surfaces due to their efficiency, 
light controlling characteristics, durability and 
simplicity of cleaning. It is usually more economical 



Fig, 20— Typical contours for industrial Fluorescent luiainaires. 








Upper left. Mazda F lamps bring daylight indoors at 
this modern industrial plant. Precision manufacturing re- 
quires high levels of quality illumination . . . these are ade- 
quately supplied by the Fluorescent lighting system. 

Upper right. Inspection and testing offer an ideal application 
for Ruorescent Hghting. The continuous strip of light fur- 
nishes high intensity, well-diffused illumination that simplifies 

the severe visual tasks of inspection. 



Fluorescent lighting is well suited for supple- 
mentary illumination. This extended, low-brightness 
source can be mounted close to the seeing task with- 
creating annoying glare or heat concentration. 



to use the larger lamp sizes as fewer electrical out- 
lets, auxiliaries, and lamp holders are required, 
and lamps are of higher efficiency. 
Reflectors are available to provide concentrating 
or spread distributions, depending on the uniformity 
of light desired, the mounting height, and other 
contributory factors. Wide candlepower distribu- 
tion units provide high vertical as well as efficient 
horizontal illumination. Efficient utilization of light 
can be obtained from most fluorescent luminaires 
if mounting heights do not greatly exceed 15 feet. 
The exact figure, however, depends on the room 
proportions • 

Localized General Lighting applies to a layout 

of units located in specific relation to the seeing 
tasks, but mounted high enough to light aisles and 
adjacent areas, Illumination is intensified on the 
work, but surroundings are sufficiently bright so as 
to prevent sharp contrasts of brightness. The tubu- 
lar shape and low brightness of the Mazda F lamp 



make it particiilarly adaptable to this type of layout 
when used in the proper equipment. 
Because of the difficulty of applying theoretical 
calculations for localized general or supplementary 
lighting, it is advisable to use direct footcandle 
data from actual measurements. 

Supplementary Lighting with the fluorescent 

lamp has met acceptance in broad fields but only 
a few examples can be cited here. In industrial 
applications, it is often desirable to build up high 
illumination on the work. Fluorescent equipment 
is particularly adaptable for lighting work benches, 
assembly operations, machine tools, inspection 
tables, etc. However, it should be remembered 
that localized lighting should only be used in ad- 
dition to general illumination. Localized lighting 
shoiild never be considered as the only means of 
illumination because excessive contrasts cause 
eyestrain and fatigue. The ratio of the brightness 
of work to surroundings should not exceed 10 to 1. 
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A special application of Fluorescent Ught- 

ing for testing and inspection. Lamps are 

enclosed by glass diffusing panels. 




Varicolored fabrics and silKouette signs in ttis 

dress salon are attxactLvely and effectively 

illuminated with Ruorescent lighting. 



COMMERCIAL LIGHTING 



Commercial interior ligktiag 
schools, stores, auditorimns, etc. 



includes offices, 
A number of de- 



signs of commercial fixtures are available to meet 
the diversified demands of these broad applications. 
In offices and schools, the basic hghting require- 
ments call for a sufficient amount of light without 
direct or reflected glare, Luminaiies for lighting 
tedious seeing tasks should be designed to shield 
the lamp from direct view. Where close work is 
done on glossy surfaces, fluorescent lamps should 
be covered with a diffusing material to prevent 
specular reflections. Also, to reduce eyestrain 
caused by high contrasts of brightness, ceilings 

and surroundings 
should be illxmiinated. 
A typical luminaire that 
meets the above re- 
quirements is shown in 
Figure 21. The bottom 
may be equipped with 
louvers or diffusing 
glass. With glass, this 
design may be classed 
as a semi-indirect, as 
about 65% of the light 
is directed upward and 
35% downward. 
In stores, corridors and 




Fig. 21 — Typical semi- 
indirect commercial 
Fluorescent luminaiie. 



similar 



th 



highest quality of Hght 
is frequently of outstanding importance although 
direct Ughtmg may be considered. The low bright- 
ness of the lamp makes the use of exposed lamps 
possible, but diffusing media to accompany such 
lamps is preferable. 



The fluorescent lamp is readily fitted to built-in 
lighting design such as coves, continuous troughs, 
luminous elements, and coffers — thus providing 
the architect and decorator with a source that may 
be used to provide utilitarian lighting, decorative 
effects, or both. Colored lamps, as well as the day- 
light and white, offer unlimited possibilities for 
modem architectural and decorative treatments. 
In the field of office lighting, fluorescent desk units 
are suggested where it is impractical to provide 
sufficient illumination from general lighting. Desk 
lamps should be designed for two lamps to fit most 
ill umin ation requirements and to make possible 
the use of two*lamp controls for minimizing strobo- 
scopic effect* Si m ilar considerations apply to the 
use of local or supplementary lighting for store 
counters* 

In the store, fluorescent lighting is very desirable 
for showcases, displays, silhouette sians, fittina 




Fig. 22 



Typical direct commercial P!tiorescent 

luminaires. 
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Fig. 23 — Showcase 
Fluorescent luminaire. 



rooms, etc* Showcase lighting is an outstanding 
application for fluorescent lamps. Figure 23 shows 
a section view of a typiccil showcase trough which 
consists of a metal trough, reflector, and lamp 
holders. The auxiliaries may be mounted in the 
lower section of the case, or at the end of the trough 
as part of a unit assembly. The 15 and 30-watt V^ 
diameter lamps are usually used to reduce the re- 
quired reflector size. A shallow lamp holder is 
available to aid in meeting this requirement of 

compactness- Wall 
case lighting is an- 
other ideal applica- 
tion for fluorescent 
lamps. The lamp 
shape, color, and 
coolness are major 
advantages which 
lead to attractive, 
well lighted case 
displays. Obviously, 
space limitations are^ 
not as critical as with 
showcases and many 

ways are available to use the various advantages of 

the lamp. 

For store vnndows, the basic considerations include 
brightness of district, shape and size of window, 
and type of merchandise being sold. Lighting 
eqmpment should not be readily noticeable by a 
pedestrian; illumination levels must be commen- 
surate with the store location. 

In brightly lighted districts, where incandescent 
lamps are frequently used to an extent of 200-300 
watts a running foot of glass frontage, the fluores- 
cent lamp is limited because of its maximum of 10 
watts per running foot. For the lamp sizes under 
consideration, the efficiency ratio would be no 
greater than 1 to 2^. This presents a problem of 
equipment cost accompanied by difficulties of 
mounting and concealment which must be solved 
for a satisfactory installation. The lesser degree of 
directional control from the more extended source 
must also be considered. 

In neighborhood districts, where the Hghting level 
is generally lower, and for small and special win- 
dows in any district, fluorescent lamps are dis- 
tinctly feasible. Naturally, such special factors as 
coolness (florists, bakeries, etc-) or daylight quality 
(florists, linens, etc.) suggest their use despite 
limitations of size and wattage. 

Broad masses of color for window backgrounds 



and other decorative effects present a particularly 
interesting field for fluorescent lamps. Color is so 
efficientiy produced and so easily applied because 
of the lamp sizes and coolness, that the average 
merchant has available a tool which before was 
limited to certain outstanding stores with special 
window decorating departments. The interchange- 
ability of colored lamps in lamp holders regularly 
using white and daylight lamps should not be 
overlooked. 



RESIDENTIAL LIGHTING 

So many factors are involved in residence lighting 
that only a few generalizations are possible. Eco- 
nomic considerations, except first cost, become less 
important; size, flexibility, and style become more 
important. Since the volume of light required and 
the expense involved are so small compared with 
commercial and industrial areas, the personal ele- 
ment becomes important. Any one advantage 
may completely overshadow any number of dis- 
advantages. 

The daylight quality for laundries, the flattering 
new soft white for living areas, the tubular shape 
for mirror lighting, the coolness (and shape) for 
kitchens, especially under cabinets or for local- 
ized areas, the decorative possibihties for recrea- 
tion rooms, all suggest possible extended applica- 
tions. NaturaUy, the use of portable units for desks 
and other concentrated seeing tasks follows the use 
of such units in offices and industry. 
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LIGHT MEASURING INSTRUMENTS 

Most light measuring instruments, using the light 
sensitive ceU, are calibrated for the color spectrum 
of standard incandescent lamps. The sensitivity 
curve of these cells does not agree with eye sensi- 
tivity, so readings taken under fluorescent lighting 
are not correct as the color spectrum is different 
than the spectrum used for calibration. 

Manufacturers of light meters have foreseen this 
difficulty and have developed a new meter with a 
filter (called a Viscor Filter) screen which gives 
the instrument the same sensitivity curve as the 
eye. Therefore, the illumination from all sources 
can be measured direct. New meters using this 
filter are now available, and certain types of light 
meters can be modernized to include the filter. For 
data on any instrument not equipped with this 
filter, the manufacturer should be consulted for 
approximate correction factors to be used. 
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NEW TYPES OF MAZDA 

LAMPS 




The four standard sizes and the seven standard 
colors of Westinghouse Mazda F lamps listed on 
page 3 meet most lighting needs today. As the 
field of application for fluorescent lamps widens, 



other types such as those described below are 
required; so Westinghouse research and engi- 
neering scientists are at work developing lamps 
today that vdll be needed tomorrow. 
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6 WATT 



8 WATT 



14 WATT 



15 WATT 



65 WATT 



lOO WATT 



5: 
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The standard 100 watt 5 ft. T-17 bulb lamp now avail- 
able gives the user more lumen output from a single 
lamp. The 65 watt T-17 is a companion lamp of 
shorter overall length. The 6 watt 9'' T-5 and 8 watt 
12 T-5 lamps are for local lighting or for special 
lighting such as around curved corners of coves 
or showcases where longer lamps could not be 
used. The 14 watt 15'' T-12 lamp is developed 
for use where a low brightness lamp of short 
overall length is needed as for home lighting circuits 
and also where a low voltage lamp is required as 
in 64 volt D-C trainlighting service. The 15 watt 
18" T-12 lamp is useful where the standard 15 watt 



T-8 has too high a brightness such as where lamps 
are exposed to view in ornamental lighting fixtures. 
The new Soft White color is for use where it is 
important that the color of the light be more 
flattering to the human complexion or give red 
meat and certain foods such as brown rolls, their 
proper appearance. This new color is appreci- 
ably less efficient than the dayUght so it is to be 
used where the appearance consideration is more 
important than high efficiency and economy. It is 
particularly suited to such applications as res- 
taurants, night clubs, hotels, homes, auditoriums, 
meat showcases and food markets. 





ESSENTIAL TECHNICAL DATA 






*Watts (Nominal — Lamp Only) 


6 


8 


14 


15 65 


100 


Bulb 


T-5 


T-5 


T-12 


T-12 


T.17 


T-17 


Nominal Length 


9" 


12" 


15" 


18" 


36" 


60" 


Base 


Min. Bipin 


Min. Bipin 


Med. Bipin 


Med. Bipin 


Mog. Bipin 


Mog. Bipin 


Color 


**3500° White 
& Daylight 


'♦3500= White 
& Daylight 


**3500' White 
& Daylight 

460 


**3500' White 
& Dayhght 


3500- White 
& Daylight 


3500° White 
& Daylight 


***Lumens (Approx. Initial) 

3500^ White 

Daylight 


180 


300 


585 


2100 


4200 


155 


250 


370 


495 


1800 


3350 


fRated Avg. Life (Hrs.) 


750 


750 1500 


2500 


2000 


2000 


Burning Position 


Any 


Any 


Any 


HI ■! ■ ■ ■ !■»■ . _ ^^ _ _^^^^^^^_ 

Any Any 


Any 



* For total watts, add wattage loss in auxiliaries. 
** Other colors available on special order. 
*** Values apply when lamps have burned 100 hours. 

t Average life when tested under speciiied operating conditionis. 

Miniature^ medium and mogul bipin sockets or lampholders ar 
lamps are available from the Bryant Electric Company of Bridg 
from the Westinghouse Lighting Division of Cleveland, Ohio. 



22 



•5---^ v. v.,,.',..'. "iJ-r.j :-..-,'-.. --. 



fti^-NlTV*: 







FOR GREATEST CUSTOMER SATISFACTION - - 



B E 



SURE 



TO 



SPECIFY WESTINGHOUSE 
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The Westinghouse trade-mark on Fluorescent Mazda 
Lamps is your customer's guarantee of highest quahty. These 
lamps are backed by over 50 years of experience in the 
making of quality lamps. In performance, economy and 
long life, they reflect the skill of thousands of engineers, 
research scientists and mechanics all working constantly to 
perfect and improve methods and materials. In the produc- 
tion of not only daylight and white, but also of colored illu- 
minations, Westinghouse Fluorescent Mazda Lamps take their 
place among the most efficient light sources ever developed. 
This plus their cool, comfortable light opens up new avenues 
to better illumination. 



WESTINGHOUSE FLUORESCENT MAZDA LAMPS 



Westinghouse Lamp Division 

Westinghouse Electric & Manufacturing Co 

Bloomfield, N.J. 
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WESTERN ELECTRIC CO. 
PHILADELPHIA. PA. 

Height 1 00 feet, internal lop diameter 4 feet 6 inches 





D D 

tHIMNEV 



DQD 




u 



UNITED GAS IMPROVEMENT CO 

PHILADELPHIA, PA. 

Height 1 00 feet, interna! top diameter 5 feet 
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QUAKER PORTLAND CEMENT CO. 

SANDTS EDDY, PA. 
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THE BROOKLYN DOCKS CO. 
20th ST., BROOKLYN, 

Height 125 feet, interna! top diameter 6 feet 
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Messrs. M. W. Kellogg & Co., 
Engineers and Contractors, 

37 Dey Street, New York, N. Y. 

Gentlemen: 

Replying to favor of even date in which you ask 
for an expression of opinion regarding the one- 
hundred-foot chimney erected by you at our power 
plant, we are pleased to say that it has given perfect 

satisfaction. 

■ There is no settlement or cracking smce it went 
into service seven months ago. We believe this to 
be due to the high-class workmanship by the men 
employed, together with your excellent design of 
the chimney and able supervision of the work. 

We wish to thank you at this time for the many 
courtesies received at your hands, and beg to remain, 

Yours very truly, 




C M Y ^E 



Suffolk Light, Heat & Power Co., 

Superintendent 
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OCNCRAL OFFICES 7-^ BROADWAY 




Messrs. M. W. Kellogg & Co., 

37 Dey Street, 

New York. 

Gentlemen: 

We desire to express our appreciation of the wa; 
you fulfilled contract for chimney at Copper Clifl 

Ont. 

The stack is 210' high by 15' internal top diametei 
It is our present belief that the material furnishe 
and labor are first class in every respect, and ou 
dealings with you were very satisfactory. 

We will be very glad to have you refer prospectiv 
customers to us if you so desire. 

Yours very truly, 




General Purchasing Agent 



i 



*:'' 



^ 



^^ 



'■- -^ 



r'^:^/-?^.^-"r.;^v^/ 



1 -« ■ . 



-. ■ . ;-,Vi-:'-^-i'- 7"^, -',-1 J. ■ 




■••.-', 










r^ 



DO D;: 

ftABlAt 

D no 







GOULD & EBERHART 
NEWARK, N. J. 

Height 125 feet, Internal top diameter 4 feet 
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STEAM BOILERS 

Assuming four pounds of coal is burned 

per horse power per hour 



I * 



From "Chimney Designs 
and Theory'^ by William 
Wallace Christy 



\^ tn tn 


-nd) ^ 

4- ^^ 


5^ 

0> 


— I — 
^ 

- — -"-^ : 


in 

r 


o 




CO ff) ^ 





^ r i 

C O V- 

«o Vi (^ 

^ f^ r^ 

«J m U> 




r 

t 

O 

X 

1 




1 










10 

7x 


0) 


-- t/l flD 

tfl <n r- 
FwT r^ ro 






Co. !■ 


r"r 










^ 
^ 




<^ ui flj 

i/> <P fJ 
•J ^ r 


5 


r- rvJ ^ 

|0 flj - 

O ^ 

^ ^ in 




^1 






00 


5 


in 

r 




A* ^J r^ 




f*1 <^lo 


o r 












«0 

5^ 




-- r fcA 

cJ <J rJ 




*» ^ ^ 

<0 4^ y\ 


D 








5 






00 

CD 


*£ ^ r> 


O 


[- * w 

- -^ 

^ tf) kr^ 


- u 
a 

if 




Off 

n »^ 1- 


^ 


1^ 


1^ 




— J- 4^ 
4- O CO 

O r* in 

fO (S* fj 


<71 

CO 


, — f -- — 

^2 


r- A* - 

*/) i^ 


(0 "T* \y^ 

in t- ^ 

<r i/> r- 


0) 


o 




s 

£ 


<7> 
O 


in ttl — 

^ «^ 1^ 






— 


pj — f^ rJ 
ri cJ c^ f^ 


<r» ro rf> 

<0 <h s9 

^ Lo ^9 


■ 


0) 


r^ 














C o 


^ oJ 03 O aJ 


O r- r- 

— — fO 


^ 


O 

rvi 
















o ^ 


— ■ — 

^ -*- #1 ^J cO "^ ;f 


?^ Co 

fO <^ ii) 




















— 5 


_ ^ f5 Al *n - 51 

- _ ^ r- C <^ flJ 








^— 






— 










^ r- '^ '^ *> ** 'il 


1 














- — 

d 




^ c 
O t ^9 rJ 

5 ^ V, 


_ <^ « <n 

J? O i4 ^ IT 


" ■ 
















— ^- — -^-^ — 


' ' — ^ 














./3 f^ 

in lP 




1* 

CC 


4= ^-::^ 

tlT ^j- _- rvj 


^ a> — -^ r- o T-* 
^ e\ <St G\ o *^ ^ 

^ ^j <J- ^ r- <P tf) 


r- <> * 

(o <r ^ 




oJ 




d3 

CD 




•J 

6 

- 1 - 




ji 

c 

, 




^ t- ^ ^ ^ ^ 

cW -^ r? rO n rO^ 


cO^ 

^ M J 


»i9 




oQ 


CO 


O y9 


O 





u 



] 



■ ■. I 



* ' 










Diz.t Uf (^MlMMLYij FOR 

STEAM BOILERS 

Assuming five pounds of coal is burned 

per horse power per hour 



From Kent's '* Mechanical 
Engineer's Pocket Book*' 
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